ABSTRACT
INTRODUCTION
Shigella infection (shigellosis) is an intestinal disease caused by a family of bacteria called shigella. The main sign of shigella infection is diarrhoea, which often is bloody. Shigella can be acquired through direct contact with the bacteria in the stool or through contaminated food or by drinking or swimming in contaminated water. Children between ages 2 and 4 are most likely to get shigellosis. Shigella infection is far more common in developing nations, especially where there's overcrowding and poor sanitation. Shigella are highly invasive in the colon and the rectum, and are able to proliferate in the host cell cytoplasm, triggering an inflammatory reaction. The clinical manifestations of Shigella infection vary from short-lasting watery diarrhea to acute inflammatory bowel disease characterized by fever, intestinal cramp and bloody diarrhea with mucopurulent feces. Currently, no vaccine is available that can provide adequate protection against the many different serotypes of Shigella. Since the current preventive and treatment strategies are found inadequate the WHO has placed an anti-Shigella vaccine at priority (1, 2) .
Shigella species are non-speculating, gram negative, facultative anaerobes. Shigella was recognized as a causative agent of bacillary dysentery in 1890s and sub grouped into 4 species: S.dysenteriae, S.flexneri, S.boydii and S sonnei. World wide annual episodes due to shigella infection are 160 million of which 1.1 million deaths occur in children below 5Yr.of age (3, 4) . Out of the 332 complete genome sequences, the sequences available in database for shigella species are S flexneri 2a strain 301, S flexneri 2a strain 2457T, S.sonnei strain 046, S.boyddii 4 strain 227, S. dysenteriae1 strain 197, which are more prevalent in the Western world. There is no information available on S. flexneri 1a in database, which is more prevalent in Western and Eastern India. Since the current preventive and treatment strategies are found inadequate the WHO has placed an anti-Shigella vaccine at priority (1) .
During early 1984, various areas of India, including the eastern region, witnessed an extensive epidemic of bloody dysentery, predominantly caused by multidrug-resistant S. dysenteriae type 1, which swept through the districts of West Bengal from north to south (5) . Prevalence of Shigellae serotypes in Bombay was studied from June 1988 to May 1991 (6) . The thirty-four strains of Shigella spp. were isolated in Calcutta India in 1998-2000 (7) .
It has been suggested that the four species of Shigella are so closely related to E. coli that all these bacteria could be considered members of a single species (8) . They share greater than 90% homology.
The most important components of virulence in Shigella infection include adherence, invasiveness and toxigenicity. The genes for these virulence factors reside on either plasmids or the bacterial chromosome or on lysogenic bacteriophages (9) . Shigella strains have large plasmids that encode many virulence genes (6) especially genes involved in invasion and intracellular movement and these products are known as invasion plasmid-associated antigens. The molecular analysis of the clinical samples in Bangladesh has shown that all S. dysenteriae type 1 isolates belong to ribotype pattern A, S. flexneri strains produced two ribotypes, C and D. Among the Shigella species, Shigella dysenteriae is especially known as a cause of bacillary dysentery; this has also been shown with S. flexneri. Another virulence factor related to S. dysenteriae is its capacity to produce an exotoxin called Shiga toxin. Two new enterotoxins have recently been described in S. flexneri 2a. The first toxin is called Shigella enterotoxin 1 (ShET-1), The second enterotoxin, called Shigella enterotoxin 2 (ShET-2), is encoded in the sen gene. ShET-1 was found in 45% of S. flexneri strains but was not found in either S. sonnei or S. dysenteriae. Studies on pathogenicity showed the high prevalence of ShET-1 and ShET-2 in S. flexneri strains and the high prevalence of ShET-2 in S. sonnei and S. dysenteriae strains isolated from patients with traveler's diarrhea (10) . Following table shows comparison of general features of shigella species and E.coli MG 1655.
As there is no sequence data available for S. flexneri1a, which is more common in India we have chosen this strain for sequencing. We report here two complete gene sequences of S.flexneri 1a. Sequencing data can be used for genetic research and for clinical challenge studies. Comparative genomics studies help to identify differences or similarity with other shigella species and strains.
MATERIALS AND METHODS
S.flexneri 1a strain was obtained from Dept of Microbiology, Armed Forces Medical College, Dept of Microbiology, Pune, which was characterized microbiologically and biochemically by standard methods given in Bergey's manual (11) . Enzymes Sau3 a, BamH1, T4 DNA ligase, as well as other biochemicals like IPTG, X Gal, M13 sequencing primers were procured from Banglore Genie, Bangalore, India. ABI Big dye terminator chemistry kit was obtained from Lab India. Shigella flexneri 1a was grown in Luria Broth at 37°C O/N on orbital shaker. Each sample was sequenced three times from both the ends using M13 sequencing primers. 48 Samples were processed in one plate using forward and reverse primers within 120 min by this machine. The best Sequence of all 3 runs was selected depending on Q value. The software available at studden package Gap4 was used for vector removal, repeat masking and partial assembly (7).
(B) DNA sequence analysis:
Nucleotide sequence analysis was performed using Big Dye terminator chemistry using ABI 3730 48 capillary DNA analyzer. Annotations were done using various bioinformatics tools like Blast, Gene Mark, Is finder, ShiBASE etc. Length and location of each partial/ complete gene was identified using Blastn and ShiBASE, which is newly, developed software for comparative genomics of shigella genomes (3). Six frame ORF was found using ORF finder at NCBI. Various proteomic tools, ProtParam for determination of physicochemical parameters, Prosite for prediction of motif, PSORTb's for analysis of bacterial sub cellular localization of protein, HMMTOP for prediction of transmembrane helices and topology of protein,. The dinucleotide frequency in SF0368 and SF0676 genes of S. flexneri 1a S.flexneri 2a and S. sonnei was calulated using the tool DNA stat available at 123 genomics, and compared the frequencies. The nucleotide sequences as well as amino acid sequences have been deposited in the gene bank at NCBI. (Accession numbers DQ512801, DQ512802).
The details about bioinformatics tools used for sequence annotations are given below. 1) GAP4 is a part of the Staden package of sequence assembly, editing and analysis tools. Performs assembly, contig joining, assembly checking, repeat searching, experiment suggestion, read pair analysis and contig editing. It has graphical views of contigs, templates, readings and traces which all scroll in register. Contig editor searches and experiment suggestion routines use phred confidence values to calculate the confidence of the consensus sequence.
2) Blast: The Basic Local Alignment Search Tool (BLAST) for comparing gene and protein sequences against others in public databases. In bioinformatics, Basic Local Alignment Search Tool, or BLAST, is an algorithm for comparing primary biological sequence information, such as the amino-acid sequences of different proteins or the nucleotides of DNA sequences. A BLAST search enables a researcher to compare a query sequence with a library or database of sequences, and identify library sequences that resemble the query sequence above a certain threshold. BLAST will find subsequences in the database which are similar to subsequences in the query. In typical usage, the query sequence is much smaller than the database, e.g., the query may be one thousand nucleotides while the database is several billion nucleotides. The BLAST program was designed by Eugene Myers, Stephen Altschul, Warren Gish, David J. Lipman and Webb Miller at the NIH and was published in J. Mol. Biol. in 1990.
3) ORF finder: Six frame ORF was found using ORF finder at NCBI. The ORF Finder (Open Reading Frame Finder) is a graphical analysis tool which finds all open reading frames of a selectable minimum size in a user's sequence or in a sequence already in the database. Available at NCBI site http:/ /www.ncbi.nlm.nih.gov/. Under the heading Hot Spots. One has to paste the sequence in format in the given window or enter the GI or Accession number of the sequence already present in database. This tool identifies all open reading frames using the standard or alternative genetic codes. The deduced amino acid sequence can be saved in various formats and searched against the sequence database using the WWW BLAST server. The ORF Finder should be helpful in preparing complete and accurate sequence submissions. It is also packaged with the Sequin sequence submission software. 4) VecScreen: It is a system for quickly identifying segments of a nucleic acid sequence that may be of vector origin. NCBI developed VecScreen to combat the problem of vector contamination in public sequence databases. This Web page has been designed to help researchers identify and remove any segments of vector origin before sequence analysis or submission. 5) Genmark: GeneMark developed in 1993 was the first gene finding method recognized as an efficient and accurate tool for genome projects. The GeneMark algorithm uses species specific inhomogeneous Markov chain models of proteincoding DNA sequence as well as homogeneous Markov chain models of non-coding DNA. Parameters of the models are estimated from training sets of sequences of known type. The major step of the algorithm computes a posteriory probability of a sequence fragment to carry on a genetic code in one of six possible frames (including three frames in complementary DNA strand) or to be "non-coding". GeneMark.hmm algorithm was designed to improve the gene prediction quality, particularly to improve GeneMark in finding exact gene starts. From 1998 until now GeneMark.hmm and its self-training version, GeneMark S, are the standard tools for gene identification in new prokaryotic genomic sequences, including metagenomes. 6) Is finder: This database provides a list of insertion sequences isolated from eubacteria and archae. It is organised into individual files containing their general features (name, size, origin, family.....) as well as their DNA and potential protein sequences. Although most of the entries have been identified as individual elements, a growing number are included from their description in sequenced bacterial genomes. The search engine permits the retrieval and display of individual and groups of ISs based on a combination of their general features. Two levels of search are available. The simple search option enables the user to sort elements using a limited number of basic items whereas the extensive search offers an additional set of possibilities such as comparisons of the sequences of terminal inverted repeats and a variety of different layout displays. Built in links are provided to: the EMBL sequence database, the NCBI taxonomy database and to the ESF plasmid database. At present, only individual sequences can be downloaded one by one for comparison. An on-line BLAST facility is available. 7) ShiBASE: Length and location of each partial/ complete gene was identified using Blastn and ShiBASE which is newly, developed software for comparative genomics of Shigella genomes (3). In China scientist have sequenced representative strains of 4 Shigella species. They have also done comparative genome hybridization of 43 serotypes of Shigella strains by microarray. In order to present this data in better way they developed integrated database for comparative genomics of Shigella which is ShiBase. It provides workbench for the comparative genomics studies of Shigella, which is one of the most efficient ways to reveal the extremely diversity and dynamics features of Shigella genomes. The intra-species comparison of Shigella genomes are presented at several different levels in the database, including not only basic genome features, structure of genomes and orthologs ordering, but also metabolic pathways and virulence factors. Moreover, the CGH results on 43 different serotypes of Shigella strains were also integrated into ShiBASE. PSORT is an algorithm which assigns a probable localization site to a protein given an amino acid sequence alone. Originally developed for prediction of protein localization in Gramnegative bacteria, PSORT was expanded into a suite of programs (PSORT, PSORT II, iPSORT) capable of handling proteins from all classes of organisms. The modules may act as a binary predictor, classifying a protein as either belonging or not belonging to a particular localization site, or they may be multi-category, able to assign a protein to one of several localization sites. When analyzing a Gram-negative organism, possible localization sites are: cytoplasm, cytoplasmic membrane, periplasm, outer membrane and extracellular space. Gram-positive localization sites include: cytoplasm, cytoplasmic membrane, cell wall and extracellular space. 11) HMMTOP for prediction of transmembrane helices and topology of protein. It is an automatic server for predicting transmembrane helices and topology of proteins, developed by G.E. Tusnády, at the Institute of Enzymology. In the output HMMTOP prints the number of amino acids and the name of the predicted sequence in one line beginning with a '>HP: ' string, and following by the localization of the N terminal amino acid (IN or OUT) , the number of the predicted transmembrane helices and the begin and end positions of each transmembrane helix. The method is based on the hypothesis that the localizations of the transmembrane segments and the topology are determined by the difference in the amino acid distributions in various structural parts of these proteins rather than by specific amino acid compositions of these parts. A hidden Markov model with special architecture was developed to search transmembrane topology corresponding to the maximum likelihood among all the possible topologies of a given protein." 12) DNASTAT: It is a collection of Pascal routines for researchers who develop their own application programs for statistical analysis of DNA and protein sequences. Dynamic and file-based data structures allow users to process sets of sequences by simple loop control without limitations on the number of sequences and their individual sizes. The dinucleotide frequency in SF0368 and SF0676 genes of S. flexneri 1a, S.flexneri 2a and S. sonnei was calculated using the tool DNA stat available at 123 genomics, and compared the frequencies.
RESULTS AND DISCUSSION
Nucleotide sequence analysis was done on 170 recombinants. Total 99.4kb Sequence data was generated from both ends (49.7kb with either forward/reverse). Total 375 protein products have been identified for S flexneri 1a. The average length of be a strain specific gene. It codes for conserved hypothetical protein, which is 170 aa long. There is a substitution of one amino acid at first position, which is M to L. The protein is 99 % identical to S. flexneri 2a 301 and not with any other strain of Shigella. It has 7 different sites for phosphorylation, myristoylation and glycosylation. The protein is rich in aliphatic Ile, Leu and neutral hydroxyl Ser amino acid residues. Motif scans results show that it belongs to DedA family of proteins. This family combines the DedA related proteins and YIAN/ YGIK family. Members of this family are not functionally characterized. The protein has maximum i.e.81 hydrophobic and 52 hydrophilic residues of the total 170 amino acids. Table 1 summarizes details of the result. There was not a significant difference in the dinucleotide frequency of gene Sf0676 of S. flexneri 1a and 2a.
SF0368 is another full-length gene identified in a contig SF1a69C1 that was 580 bases long. Actual gene length is a 312 bp. The gene is 100% identical with SF0368 of S. flexneri 2a 301 and 98% to S. sonnei strain 046. The gene is present at genomic position 379789 to 380306. G+C content is 49.36%. It codes for a conserved hypothetical protein, which is 301 amino acid long. It is 100% identical to that of S. flexneri 2a 301and 98% with S. sonnei strain 046. There is a substitution of amino acids at position 7 and 9 from A to T and Y to P with respect to S.sonnei. There is inter-starin difference in the SF0368 gene sequence as indicated by the dinucleotide frequency variation. Between S. flexneri 1a, S.flexneri 2a 301 and S. sonnei. The protein is rich in aliphatic Ala, Leu and basic Lys amino acids residues. The protein has maximum i.e.53 hydrophilic residues and 41 hydrophobic residues of the total 103. Motif scan shows that the protein has Ribbonhelix-helix domain, super family SSF47598. (Table 2 ). Such domains are found in several bacterial and phage repressors, including the Escherichia coli methionine repressor (MetJ), the bacterial plasmid-encoded repressors CopG (IPR002145), the bacterial omega transcription repressor and the phage repressors Arc and Mnt (8, 15, 16) . We have generated a sequence data for the two genes and their products their function is still unknown. This information has been submitted in a database. The prediction of topology or structure or basic pyhsicochemical properties can give us clues which will be useful not only for function prediction but also for studying the gene expression. As the more and more data will be available it will help to study several aspects of shigella genomics, Pathogenecity and prevention of this strain, which is common in India.
